Polyhydroxyalkanoates (PHAs) can be used to replace petrochemical plastics in many applications. However, their production has limitation due to production cost. This research was conducted using alternative carbon source from waste to synthesize PHAs by Cupriavidus necator H16. In this study, PHAs were produced from used cooking oil (UCO) and compared with production PHAs from palm oil. Two UCO storage times (4 and 10 weeks) and three UCO concentrations (10, 20 and 30 g/L) 
INTRODUCTION
Polyhydroxyalkanoates (PHAs) are biopolymers that has gained widespread interest, since their properties are similar to petrochemical plastics (Bhubalan et al. 2011) . They can be synthesized by a wide range of different grampositive and gram-negative bacteria. The gram-negative bacterium, Cupriavidus necator H16, formerly known as Alcaligenes eutrophus or Ralstonia eutropha, has generally been used as the production organism of choice due to intracellular accumulation of PHA of over 90% of the cell dry weight (Madison & Huisman 1999) .
In industrial production of PHAs, is limited by production cost. It is desirable to investigate inexpensive substrates that can produce high PHA content in order to make the production of PHAs economically more attractive (Castilho et al. 2009; Chee et al. 2010) . Several carbon sources ranging from inexpensive, effluents, wastewater to plant oils (Fukui & Doi 1998) , fatty acids (Eggink et al. 1992) , alkanes (Lageveen et al. 1988 ) have been proposed to be capable substrates in the production of PHAs. However, this study focussed on the use of used cooking oil (UCO) for the production of PHAs due to easily available waste in Southern Thailand. Fried chicken is one of the popular food leading to huge requirement of palm oil for frying process. Thus, the high volume of used cooking oil is being discharged from food processing industries. Large quality of UCO is often released to the environment or recycled in frying process, causing environment pollution and human life. It is also known that process during heat treatment of oils causes production of peroxides, compounds with relatively short carbon chain length (Verlinden et al. 2011 ) and free fatty acids (FFAs) (Mahesar et al. 2014) . FFAs are more prone to oxidation and rancidity. The level of FFA depends on storage time, which are generally detrimental to flavor, color, odor and thus influence to usefulness of oil (Teoh 2002) . It has been utilized in the biodiesel production (Cai et al. 2015) , but it can be used in PHA production. The UCO was generally composed of unsaturated and saturated fatty acids such as 48% linoleic acid (C18:2), 39% oleic acid (C18:1) and palmitic (C16:0). Martino et al. (2014) reported that UCO can be used to produce amorphous polyhydroxy-butyrate granules from C. necator cells grown. While Verlinden et al. (2011) prove that saturated fatty acids from waste oil can lead to build-up of energy-rich PHB in bacteria. Utilizing these waste materials as carbon source for PHA production not only reduces the substrate cost, but also saves the cost of waste disposal. Fructose and oil palm are well known to be a proper carbon source for R. eutropha H16, but fructose is commonly considered as a drawback for the industrial application (Franz et al. 2010) .
In this study, C. necator H16 (wild type) was used to synthesize PHAs by using UCO as its sole carbon source using two different UCO storage times (4 and 10 weeks) and three UCO concentrations (10, 20 and 30 g/L) to determine the most optimum condition for PHA synthesis compared with cultivation using fructose and oil palm. (Kek 2009 ). Before sterilization of the medium, the pH was adjusted to 7 using NaOH (1N). MgSO 4 ·7H 2 O was autoclaved separately and TE was also added aseptically to the MM medium after cooling. Carbon sources consisted of fructose, palm oil and used cooking oil. All oils were autoclaved separately before added to the culture medium.
MATERIALS

EXTRACTION OF POLYHYDROXYALKANOATES (PHAS) BY CHLOROFORM SOLVENT
The PHA concentration was determined by gravimetric method (Dawes & Senior 1973) . Cultivation of bacteria in shake flasks was taken at a certain time interval and the culture was centrifuged (8,000 rpm, 10 min, 4°C) in a pre-weighed centrifuge tube. Cell pellets were centrifuged twice after washing with hexane and distilled water, respectively. The bacterial cells were completely dry in oven at 70°C followed by extraction using stirring in 1:100 (g/mL) of chloroform for 48 h. The extract was passed through a filter (0.22 μm). The filtrate was concentrated (using evaporator). The PHAs were precipitated and completely dried before its weight was finally determined. The polymer yields precipitated as a white substance.
DETERMINATION OF FREE FATTY ACID (FFA) OF USED COOKING OIL
Used cooking oil (UCO) was obtained from Kai Tod Decha restaurant, Hat Yai, Songkhla, Thailand -fried chicken restaurant. The UCO was filtered through normal sieve to remove food debris. UCO contains variables shelf life (0, 4 and 10 weeks). Free fatty acid (FFA) of UCO was analyzed using titrimetric method (Oyem 2011) . 5.0 g UCO sample was weighed into 250 mL conical flask and dissolved in 25 mL of isopropyl alcohol (IUPAC name propan-2-ol), followed by the addition 5 drop of 0.5% (w/v) phenolphthalein in each sample. The sample was then titrated against 0.1 M NaOH till the first pink coloured appears and was persistent for 30 s.
The percentage of FFA value can be calculated from (1) (Oyem 2011): Free fatty acids (FFA)% = VmM / 10w,
where V is volume in millitres of sodium hydroxide; m is molarity of sodium hydroxide solution used; M is molecular weight of the FFA (oleic acid: 282); and w is the weight in grams of samples.
DETERMINATION OF GROWTH CURVE OF CUPRIAVIDUS NECATOR H16
Starter cell of Cupriavidus necator H16 was grown in 250 mL flask containing 50 mL of NR medium for 22-24 h at 30°C until optical density (O.D.) 600 nm of cells reached to 3.5-4.0, then 1.5 mL of the starter cell was transferred into 50 mL of MM medium in 250 mL flasks for PHA synthesis. Various carbon sources including 2% fructose, 2% fructose and 20 g/L of palm oil, 2% fructose and used cooking oils (10, 20 and 30 g/L) were added in MM medium to investigate growth curve. The flasks were incubated at 30°C in a rotary shaker at 200 rpm. The optical density (O.D.) of cells was measured using spectrophotometer UV-VIS at the wavelength of 600 nm every 6 h until decrease in O.D. values were found. Cell culture was harvested by centrifuge method. The fermentation broth was centrifuged at 10,000 rpm for 1 min, then cell pellets were washed with hexane to remove unused oil and distilled water, respectively.
DETERMINATION EFFECT OF FRUCTOSE CONCENTRATION ON POLYHYDROXYALKANOATE SYNTHESIS
1.5 mL of the starter cell was transferred into 50 mL of MM medium in 250 mL flasks for PHA synthesis. Then, either a quantity of fructose with concentrations of 1 or 2% by volume were added to the MM medium containing 20 g/L of oil palm. All flasks were incubated in a rotary incubator (200 rpm) at 30°C. All experiments were done in triplicate. The fermentation broth was centrifuged at 10,000 rpm for 1 min. Then the harvested cells were evaluated PHA content by chloroform solvent method. The optimum fructose concentration obtained from this study will be experimented in the part of using used cooking oil as carbon source.
DETERMINATION EFFECT OF STORAGE TIME AND CONCENTRATION OF USED COOKING OIL ON PHA SYNTHESIS
The starter cell (1.5 mL) was transferred into 50 mL of MM medium in 250 mL flasks for PHA synthesis. Then, a quantity of fructose with optimum concentration found earlier with 30 g/L of used cooking oils stored for 4 and 10 weeks were added to the MM medium compared with addition of 20 g/L of oil palm with optimum fructose concentrations. All flasks were incubated in a rotary incubator (200 rpm) at 30°C. All experiments were done in triplicate. The fermentation broth was centrifuged at 8000 rpm for 20 min. Then, the harvested cells were evaluated for PHA content by chloroform solvent method. The optimum storage time obtained from this study will be experimented in the part of using various concentrations (10, 20 and 30 g/L) of used cooking oils.
RESULTS AND DISCUSSION FREE FATTY ACID (FFA) OF USED COOKING OIL
The amount of FFA in used cooking oil (UCO) was stored for 0, 4 and 10 weeks under light were 0.30, 0.39 and 0.58%, respectively. The results indicated that the FFA of the UCO increased with increasing storage time corresponding to Oyem (2011) . FFA is produced by the hydrolysis of oils via heat treatment process. FFA contained in the oil was oxidized under the influence of oxygen and storage time (Mahesar et al. 2014; Verlinden et al. 2011) .
GROWTH CURVES
The growth curves of C. necator H16 cultivated in MM medium using various carbon source including 2% of fructose, 2% of fructose with 20 g/L of palm oil and 2% of fructose with 10, 20 and 30 g/L of used cooking oil was shown in Figure 1 . All results were done with three triplicates. Mean values and standard deviations are provided. The resulted noted that there are no different in trend of growth curves. The lag phases lasted until the 6 h, the logarithmic phases from 6 h until 36 h, the stationary phases from 36 h until 48 h and the death phase from 48 h hereafter. The growth curves dropped down at the end of stationary phase, possibly due to PHA degradation at death phase (Batcha et al. 2014) . Thus, the logarithmic phase with 36 h of cultivation time was selected for further study.
EFFECT OF FRUCTOSE CONCENTRATIONS ON POLYHYDROXYALKANOATE SYNTHESIS
The effect of fructose concentration on PHA production is shown in Table 1 . It was found that both carbon sources favored cell growth and PHA synthesis. However, it was noted that C. necator H16 cultivation with 20 g/L palm oil with 1% added fructose gave higher PHAs content and lower dry cell weight than those with 20 g/L palm oil with 2% fructose. It can be concluded that adding 2% of fructose are excess carbon source. It is possible that high fructose content can inhibit PHA synthesis. Thus, the fructose concentration with 1% by volume was selected to further study. Effect of storage times of used cooking oils on PHA synthesis are shown in Table 2 . It was noted that the PHA content obtained from cultivation with adding 20 g/L oil palm and 1% fructose gave similar results with those obtained from cultivation with adding 30 g/L used cooking oil (UCO) with storage time for 4 weeks. This result can be concluded that storage time for 4 weeks and concentration of 30 g/L was optimum condition to use UCO as carbon source instead of oil palm. In addition, PHA content obtained from cultivation with adding 30 g/L UCO stored for 4 weeks was higher than those obtained from cultivation at 30 g/L UCO stored for 10 weeks. This may be resulted from free fatty acid (FFA) contained in UCO. FFA are feasible generally detrimental to bacterial cell, hypothesized that the formation of other oxidation products in UCO after repeated frying may be generally detrimental to the bacterial growth and subsequently the PHA synthesis (Kek 2009 ).
Effect of concentration of UCO on PHA synthesis is shown in Figure 2 . The UCO stored for 10 weeks was studied. The PHA contents obtained from cultivation with addition of 10, 20 and 30 g/L of UCO were 27.45±5.89, 20.65±8.78 and 17.45±7.07 wt. %, respectively. This result showed that low concentration of UCO gave higher PHA content than those obtained from high concentration. High concentration of UCO stored for longer time may provide negative effect to bacterial. Moreover, it was observed that PHA contents obtained from cultivation with addition 10 g/L UCO was similar to PHA content obtained from cultivation with addition of 30 g/L UCO add 1% fructose. It can be concluded that 10 g/L UCO could support PHA production at long storage time.
CONCLUSION
Polyhydroxyalkanates produced from Cupriavidus necator H16 using 30 g/L of used cooking oil (UCO) stored for 4 weeks gave similar result to cell cultivation with 20 g/L palm oil and 1% of fructose. The cell dry weight and PHA content obtained from using UCO were 5.93±0.33 g/L and 26.96±6.14 wt. %, respectively. Meanwhile, the cell dried weight and PHA content obtained from using oil palm were 5.26±0.61 g/L and 27.36±2.04 wt. %, respectively. Thus, it can be concluded that used cooking oil (UCO) has good potential as carbon source in PHA production using C. necator H16. UCO with 30 g/L of concentration and storage time for 4 weeks can be used as carbon source instead oil palm for PHA synthesis. In addition, using UCO stored for 10 weeks at low concentration gave higher PHA content than those obtained from high concentration. 
